. Those from skeletal muscle developed myogenic tone, those from mesentery did not. The tonic constriction was relaxed by perfusion with a Ca-free PSS or by injection of sodium nitrite or hydralazine. These procedures had no effect on resistance of the mesenteric vessel, indicating that its vascular smooth muscle remained completely relaxed. Vascular smooth muscle from the two sources was further differentiated by the observation that the response to norepinephrine persisted for a period (30 min) in the mesenteric vascular bed in a Ca-free environment, whereas it was completely lost in the resistance vessels from skeletal muscle. A review of the evidence responsible for this individuality suggests that it may be due to differences in excitationcontraction coupling, possibly related to cell membrane permeability to calcium.
calcium and vascular muscle contraction; calcium and excitation-contraction coupling; individuality in vascular smooth muscle; mesenteric resistance vessels; skeletal muscle resistance vessels; tonic contraction; vascular smooth muscle Forty-three male Sprague-Dawley rats, 240-535 g, were used in the study. Rats were killed by a blow on the head and resistance vessels were prepared from mesojejunum and from skeletal muscle of the thigh. In order to aid in visualizing the minute vessels, physiological salt solution (PSS: for composition see section on Solutions and drugs) containing 0.5 mg/ml Evans blue was injected through cannulas inserted in the superior mesenteric artery and the iliac artery, before the tissues were removed from the body. The mesojejunum was cut close to the intestinal border and a portion removed. The thigh was skinned and severed at the level of the inguinal band. Immediately on removal, tissues were placed in PSS and used at once or stored overnight at 4C. No differences were seen between tissues handled in these two ways and they are represented about equally in the results. J~ELJCAL STRIPS prepared from some blood vessels, suspended in physiological salt solution, exhibit spontaneous myogenic tone; this has been described for strips from large and medium-sized arteries (12, 19, 2 1, 26, 30) and from coronary and subcutaneous resistance vessels (16, 30) . A mong those reporting the phenomenon, only Furchgott (11) considered it critically; he concluded that the mechanism for its development was not understood.
In studies of isolated vessel segments perfused with physiological salt solution, myogenic tone has rarely been seen (4,6, 13), but there are numerous reports implying an absence of such tone (7, 14, 15, 29 phentolamine, sodium nitrite, and hydralazine were diluted with saline and injected into the perfusate with a microinjector system, as previously described (28). In some experiments phentolamine or hydralazine were injected directly into the bath, so that a high concentration of the drug was maintained for a period. Rats were reserpinized by intraperitoneal injection of 5 mg/kg reserpine 24 hr prior to sacrifice.
RESULTS
Resistance Vessels Without Myogenic Tone (Mesenteric) Preparations of vessels from mesentery, with terminal branches 80-320 u o.d. and 40-200 p i.d., were studied (12 preparations from 9 rats). Euidence of lack of tone. All these preparations showed stable perfusion pressure during the Z-hr initial perfusion period, with no buildup of basal pressure within this time (Fig. 1) .
To test the state of constriction of the vessel, after the stabilization period a switch was made from the 1.6 mM Ca-PSS to a Ca-free perfusate, and after approximately 30 min in the Ca-free situation the vessel was again perfused with normal Ca-PSS. There was no change in perfusion pressure as a result of a change from normal to Ca-free perfusate or the reverse in 10 preparations tested. The same results were obtained (two preparations) when Ca-free PSS containing 1 mM EGTA was substituted for the Ca-free PSS. Although these vessels were not spontaneously constricted, they were capable of a strong constriction in response to an injection of norepinephrine (Fig. 1) . 13-hr period. Increase in pressure after first 15 min denotes spontaneous development of tone. Tone is maintained at this level for at least 8 hr, and some tone is present after 13 hr. In a Ca-free
Response to norepinephrine in a Ca-free environment. Lack of Ca in the environment consistently diminished, but did not eliminate, the response of these vessels to norepinephrine ( Fig. 2) . In six experiments with four preparations which gave stable control responses to norepinephrine, the response was decreased to 25-40 % of its control magnitude within 15 min in the Ca-free environment. The response then remained constant for 30-40 min in Ca-free PSS, indicating that this tissue had a relatively stable supply of trapped Ca. Recovery of the response after return to 1.6 mM Ca was usually not complete. There was no change in basal perfusion pressure in these experiments.
Resistance Vessels With Myogenic Tone (Skeletal Muscle) Preparations of vessels from skeletal muscle, with terminal branches 100-320 p o.d., and 40-200 p i.d., were studied (73 preparations from 41 rats). Evidence of tone in these vessels. Isolated resistance vessels from skeletal muscle behaved unlike those from mesentery in that they spontaneously developed some constriction when perfused with PSS. A sample tracing is shown in Fig. 3 . Perfusion pressure, adjusted to about 30 mm Hg environment the muscle relaxes; the small amount of pressure remaining stays constant and is thought to represent structural resistance in the preparation.
at the beginning of the experiment, remained unchanged for a brief period, then gradually increased to about 180 mm Hg. The pressure subsequently decreased somewhat, but remained relatively constant with small oscillations for 8 hr or so. In 90 % of the preparations studied the increase in pressure in the initial perfusion period was clearly seen. The period at which pressure began to increase was 5-30 min after the start of perfusion; the plateau at the higher level was reached after 0.5-Z hr. These differences in time for development of the constriction seemed to be related primarily to individualities among the rats, since there was very little difference in these time relationships among vessels from any one animal even when the vessels were tested after different lengths of time in storage. The level at which the pressure became stabilized was between 60 and 280 mm Hg, reaching the high levels in vessels with terminal branches 100-120 p o.d. This spontaneously developed constriction was lost when Ca was removed from the muscle environment (Fig. 3) . When, after the pressure had stabilized at the higher level, a change was made from 1.6 mM Ca to Cafree perfusate, the perfusion pressure dropped, rapidly at first (5 min), and then relatively slowly. A stable low Ca-free perfusion and the pressure remained at this low level for more than half an hour (Fig. 4) . Hyd ra azine, 50 pug, decreased basal pressure 1 significantly, and 100-200 pug reduced the pressure to its level during Ca-free PSS perfusion (Fig. 4) . In other preparations, perfusion with PSS containing 1 mg/ml sodium nitrite, or 80 pg/ml hydralazine in the bath, caused the same reduction in pressure that Ca-free PSS caused.
The facts that 1) large doses of these vascular smooth muscle relaxants caused a decrease in perfusion pressure to the same low level as that with Ca-free PSS, and 2) to respond to NE. Hydralazine and NaNOz also cause loss of tone but do not impair response to NE.
there was no further reduction in pressure below this level, support the concept that there is complete relaxation of the muscle in a Ca-free environment, and that therefore the magnitude of the decrease in pressure with the switch from normal to Ca-free PSS represents the amount of intrinsic myogenic tone. The residual pressure reflects the structural resistance of the vessel. Characteristics and determinants of the tone. In general, the constriction developed by these vessels showed considerable stability. The high perfusion pressure built up after the initial perfusion period usually remained constant with small oscillations for many hours if the preparations were unstimulated; slow progressive loss of ability to maintain the pressure level then occurred. Figure 3 shows perfusion pressure during a 13-hr period, with perfusion at a constant flow rate. Some preparations showed a gradual progressive decrease in pressure after only a short period at the elevated perfusion pressure; these preparations were useful in demonstrating myogenic tone but could not be used in further testing. With stable preparations, removal of Ca brought the pressure to the same low level after as long as 12 hr of perfusion. This pressure level was very similar to that during the initial period, before constriction had occurred. The stability of the pressure was influenced by several factors. Some preparations, when returned to normal Ca from a Ca-free exposure, did not regain their previous level of perfusion pressure; the pressure might be lower or higher, with or without an overshoot. The constrictor response produced by injection of a high dose of norepinephrine (or angiotensin II) was followed by a gradual decrease in basal perfusion pressure over a long period. After stabilization at a lower level, the pressure then showed a tendency to return to its previous level, but this was often after many hours. A sudden increase in perfusion pressure to a very high level, 240 mm Hg or more, bY vasoconstrictor agent or by an increased flow rate, was often followed by an abrupt fall in pressure. In these cases the level of pressure during Ca-free PSS perfusion was lower than that before the sudden fall occurred, suggesting that the passive resistance of the system had been lowered by the high perfusion pressure.
In order to examine the relationship between Ca concentration and the magnitude of the myogenic tone, the Ca concentration of the environment was varied in 11 preparations.
Perfusion pressure was directly related to the Ca concentration, the lowest pressure was obtained when the perfusing solution was Ca free (Fig. 5) . A Ca concentration of 0.1-0.2 mM was necessary to produce a measurable increase in perfusion pressure over the Cafree level. Because of differences among the preparations it is difficult to generalize as to the Ca concentration at which the perfusion pressure most of the vessels this was 1. reaches its maximum. For 6 mM Ca, and the pressure at this concentration was not different from that at 3.2 rnM.
A few preparations reached the same sure at 0.8 mM Ca as at 1.6.
level of pres-
In light of the Bayliss hypothesis it seemed relevant to investigate the relationship between perfusion pressure and the magnitude of the myogenic tone. In this study the vessel was perfused with a Ca-free PSS until a constant pressure was recorded.
The perfusing solution was then changed to one containing calcium, and an attempt was made to quantitate the amount of myogenic tone (increase in perfusion pressure) that developed at a specific perfusion pressure. In 15 preparations flow rate was changed stepwise, thus changing the perfusion pressure. The pressure during Ca-free perfusion was 8-70 mm Hg, although there were only a few preparations in which the pressure was more than 50 mm Hg. Flow rates that were responsible for a high perfusion pressure in a Ca-free environment produced a destructively high pressure in the presence of calcium, and there was a tendency for the pressure to be unstable afterward. For these mme reasons it has been technically i mpossible to deterquantitative relations between the magnit ude of the tone and the initial perfusion pressure. However, even at very low perfusion pressures, below 10 mm Hg, we failed to detect a critical pressure at which myogenic tone did not develop when calcium was added to the perfusate. It would appear that pressure in a physiological range is not necessary for development of this myogenie tone.
To examine whether the adrenergic nerve endings or other intrinsic sources of catecholamines are linked to the maintenance of myogenic tone, phentolamine was applied to preparations of skeletal muscle arteries from normal rats. In two preparations, phentolamine, 1 and 5 pug, injected into the perfusate d id not produce any change in basal perfusion pressure, though it converted the norepinephrine response from vasoconstriction to slight vasodilatation.
In six preparations, 0.125-0.45 pug phentolamine was injected into the 2.5 ml-muscle chamber;
this was enough to eliminate vasoconstriction by 1.0 pug norepinephrine injected into the perfusate. The decrease of basal pressure in these preparations was negligible in comparison with the large decrease of pressure in Ca-free PSS (Fig. 6) . To test further the possiblity of catecholamine effect, skeletal muscle artery preparations from reserpinized rats were studied. Seven preparations from three treated rats showed myogenic tone entirely similar to that of vessels from normal rats.
Response to norepinephrine in a Ca-free environment. The effect of lack of Ca on the response to norepinephrine further distinguishes these vessels from those without myogenic tone. There are technical difficulties in getting a stable control response to norepinephrine during normal PSS perfusion.
In most preparations the rise in pressure in response to a second injection of norepinephrine is much smaller than that to the first injection so that, after the first addition of norepinephrine, much larger doses are required to give a satisfactory response. After such large doses of the constrictor, the basal pressure may not be stable. However, since after the first injection large doses of norepinephrine (approximately 1.0 pg) produce a constant rise in all preparations, the effect of Ca-free perfusate on the response to norepinephrine can be examined.
In 11 experiments involving 9 preparations, the response to norepinephrine, 1 .O and 2.0 pug, was tested at intervals during 30 min of Ca-free perfusion.
Injection of norepinephrine at either concentration produced little or no rise in pressure in the vessel 15 min after its environment was changed from 1.6 mM Ca to Ca free (Fig. 4) . Apparently the Ca-free environment not only causes a decrease in perfusion pressure, it also eliminates the response to norepinephrine. In contrast to the absence of a norepinephrine response in the skeletal muscle vessel relaxed in a Ca-free solution is the normal or even exaggerated response to catecholamines equivalently relaxed by sodium nitrite or hydralazine (Fig. 4) by a plasma constrictor factor, since blood was the perfusate.
The constriction we have seen must, then, be myogenic in origin, but the mechanism responsible is not present in cells of all vessels. This myogenic tone is not tension dependent, the vessels from skeletal muscle show tonic constriction at all perfusion pressures studied. Vessels from the mesenteric vascular bed, on the other hand, fail to show spontaneous constriction at any perfusion pressure studied. The tonic constriction of the skeletal muscle vessel cannot be attributed to the trauma to which it was subjected during isolating procedures; both mesenteric and skeletal muscle vessels were subjected to the same minimal trauma, which, incidentally, is considerably less than that to which tissues are subjected in the preparation of a helical strip. Since the chemical and physical environments and the experimental handling of these two vessels were identical, it must be concluded that the tonic constriction of the skeletal muscle vessel is caused by some characteristic of its smooth muscle cells which is intrinsically different from that of cells of the mesenteric resistance vessels.
From the current study, two types of evidence emerge which have bearing on the cellular mechanism responsible for the intrinsic contractile activity of this myogenic tone: .Z) evidence concerning the requirements for myogenie tone; this can be examined because the environment of the muscle can be completely defined and rigidly controlled;
2) evidence concerning the physiological characteristics of vessels with (skeletal muscle) vs. those without (mesenteric) myogenic tone. Nevertheless, the problems of the basis for this difference and the cause of the myogenic tone are difficult to cope with because they could be related to individualities of any one of the several processes necessary for the production of muscu- to norepinephrine much sooner than do those from smooth muscle that fails to show myogenic tone. This could be due to a more effective Ca trapping and retaining system in the mesenteric vessels.
The second and more inviting possibility for a difference in the coupling system may reside simply in greater cell membrane permeability to Ca in the vessels that display myogenic tone. Thus as Ca concentration in bath is increased from 0.1 to 3.2 mM, a higher concen the tration of Ca is able to get in to the contractile machinery. The effect would be the same whether the mechanism were due to increased permeability or to an inadequate pump for the extrusion of Ca. The vasodilators used in the current study might act either by stabilizing the membrane or by improving Ca extrusion. Since they do not interfere with the response of the vessel to norepinephrine, thev myogenic tone would appear to convert the vessel w to the condi tio n of one without tone.
ith
The current study has established that resistance vessels from rat skeletal muscle consistently develop stable myogen .ic tone when perfused with physiological salt solution .; those from ra t mesentery do not. Evidence suggests that this individuality may be due to differences in excitation-contraction coupling, possibly related to cellmembrane permeability to calcium. 
